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$\ldots,$ $s_{p}.\}$ (state space)
(3) $U=\{a_{1}, a_{2}, \ldots, a_{k}\}$ (action space)
(4) $.r_{n}..\cdot\cdot$ $X\cross Uarrow R^{1}$ $n$ (n-th reward function) $(0\leq n\leq N-1)$
$r_{N}$ : $Xarrow R^{1}$ (terminal reward function)
(5) $p=\{p(y|x, u)\}$ (Markov transition law)
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: $p(y|_{X}, u)\geq 0$ $\forall(x, u, y)\in X\cross U\cross X$
$\sum_{y\in X}p(y|X, u)=1$
$\forall(x, u)\in x\cross U$
(6) $\pi=\{\pi_{0}, \pi_{1}, \ldots, \pi_{N-1}\}$ (Markov policy)
: $\pi_{0}$ : $Xarrow U$, $\pi_{1}$ : $Xarrow U$, .. . , $\pi_{N-1}$ : $Xarrow U$
(6) $\sigma=\{\sigma_{0}, \sigma_{1}, \ldots, \sigma_{N-1}\}$ ( – (general policy)
: $\sigma_{0}$ : $Xarrow U$, $\sigma_{1}$ : $X\mathrm{x}Xarrow U$, . . . , $\sigma_{N-1}$ : $X\cross\cdots\cross Xarrow U$
$\Pi_{g}$
(6) $\mu=\{\mu 0, \mu_{1}, \ldots, \mu_{N-1}\}$ (primitive policy)
: $\mu_{0}$ : $Xarrow U$, $\mu_{1}$ : $X\cross U\cross Xarrow U$, ... , $\mu_{N-1}$ : $X\cross U\cross X\cross U\mathrm{X}\cdots\cross U\cross xarrow U$
$\Pi_{p}$
:
${\rm Max}$ $P_{x_{0}}^{\sigma}(r_{0}\wedge r_{1}\wedge\cdots\wedge r_{N-1}\wedge r_{N}\geq c)$
st. $(\mathrm{i})_{n}X_{n+1}\sim p(\cdot|x_{n}, u_{n})$ . (1)
$(\mathrm{i}\mathrm{i})_{n}u_{n}\in U$ $n=0,1,$ $\ldots,$ $N-1$
$r_{n}=r_{n}(x_{n}, U_{n}),$ $r_{N}=r_{N}(X_{N})$ $Y\sim p(\cdot|x, u)$ $x_{\text{ }}$ $u$
$y$ $p(y|x, u)$ $P_{x_{0}}^{\sigma}$
$p(\cdot|\cdot, \cdot)_{\text{ }}$ $\sigma=\{\sigma_{0}, \sigma 1, \ldots, \sigma N-1\}$ $x_{0}\in X$
$X\cross U\mathrm{X}x\cross U\mathrm{X}\cdots\cross U\cross x$ – (
) $\sigma$ (1)
$P_{x_{0}}^{\sigma}$ ( $r_{0}\wedge r_{1}\wedge\cdots$ A $r_{N-1}\wedge r_{N}\geq c$ )
$=$
$\sum_{(x_{1}x},\sum_{2xN},\ldots\cdot,\cdot\cdot\sum_{\in)(*}p)(_{X_{1}}|X0, u0)p(x2|_{X_{1},u_{1}})\cdots p(xN|xN-1, uN-1)$ (2)
$(*)$
$r_{0}(x_{0}, u_{0})\wedge r_{1}(X_{1,1}u)\wedge\cdots\wedge r_{N-1}(X_{N-}1, uN-1)$ A $r_{N}(x_{N})\geq c$ (3)
$(x_{1}, X_{2}, \ldots, x_{N})\in x\cross x\cross\cdots\cross x$ (2) $,(3)$
$\{u_{0}, u_{1}, \cdot. . , u_{N-1}\}$ – $\sigma=\{\sigma_{0}, \ldots, \sigma_{N-1}\}$ :
$u_{0}=\sigma_{0}(x_{0}),$ $u_{1}=\sigma_{1}(x_{0,1}x)$ , . . ., $u_{N-1}=\sigma_{N-1}(x_{0}, X1, \ldots, x_{N}-1)$ .











$\Lambda_{0}$ $:=\{\lambda_{0}\}$ $\lambda_{0}$ $r_{n},$ $r_{N}$
$\mathrm{A}_{n}$ $:=\{\lambda_{n}|\lambda_{n}=r_{0}(x_{0}, u_{0})\wedge\cdots$ A $r_{\iota-1},(x_{r}l-\perp,$ $u_{n-1}\mathrm{I}$ ,










$\tilde{\Lambda}_{n}$ $:=r_{0}(x_{0}, U_{0})\Lambda\cdots$ A $r_{n-1}(X_{n}-1, Un-1)$
$\{X\cross\Lambda_{n}\}_{0}N$
${\rm Max}$ $\tilde{E}_{y}^{\gamma_{0}}$ [ $\psi$ ( $\tilde{\Lambda}_{N}$ A $r_{N}(X_{N})$ )]
$\mathrm{s}.\mathrm{t}$ . $(\mathrm{i})_{n},$ $(\mathrm{i}\mathrm{i})_{n}n=0,1,$ $\ldots,$ $N-1$
$(\mathrm{i})_{n}’\tilde{\Lambda}_{n+1}=\overline{\Lambda}_{n}\wedge r_{n}(X_{n}, U_{n})$
$y\mathrm{o}=(x_{0)}\lambda_{0})$ . $E_{y}^{\gamma_{0}}$ $y\mathrm{o}\text{ }$ $\gamma$
$q$ $\tilde{P}_{y}^{\gamma_{0}}$
$y_{n}=(x_{n};\lambda_{n})$
${\rm Max}$ $\tilde{E}_{y_{n}}^{\gamma}[\psi(\tilde{\Lambda}_{N}\wedge r_{N}(\lrcorner \mathrm{v}_{N}))]$
$\mathrm{s}.\mathrm{t}$ . $(\mathrm{i})_{m},$ $(\mathrm{i}\mathrm{i})_{m},$ $(\mathrm{i})_{m}’$ $m=n,$ $\ldots,$ $N-1$
$u^{n}(y_{n})$ $([6],[7])$ :
3.1 ( )
$u^{N}(x;\lambda)=\psi(\lambda\wedge r_{N}(x))$ $x\in X,$ $\lambda\in\Lambda_{N}$
$u^{n}(x; \lambda)={\rm Max}\sum_{y\in x}u(n+1\lambda\wedge r(y;nX, uu\in U))p(y|X, u)$
$x\in X,$ $\lambda\in\Lambda_{n},$ $0\leq n\leq N-1$ .
4
(1) ( ) :
${\rm Max}$ $P_{x_{0}}^{\mu}(r_{0}\wedge\cdots\wedge r_{N-1}\wedge r_{N}\geq c)$




$w_{n}(h)= \mathrm{N}\mathrm{I}\mathrm{a}\mathrm{X}\sum u\in Uy\in Xw_{n}+1(h, u, y)p(y|X, u)$
$h\in H_{n}$ , $1\leq n\leq N-1$
$w_{t\mathrm{V}+1}(h)=\psi(r_{0}(_{X}0, u_{0})\wedge\cdots\wedge r_{N-}1(X\mathit{1}\mathrm{v}-1, u_{\mathit{4}\mathrm{v}}-1)\wedge r_{N}(_{X_{N}}))$ $h\in H_{N}$ .
5
$\Pi$
${\rm Max}$ $P_{x_{0}}^{\pi}(r_{0}\wedge\cdots\wedge r_{N-1}\wedge r_{l\mathrm{V}}\geq c)$
$\mathrm{s}.\mathrm{t}$ . $(\mathrm{i})_{n},$ $(\mathrm{i}\mathrm{i})_{n}$ $n=0,1,$ $\ldots,$ $N-1$
$n$
$x_{n}(\in X)$
${\rm Max}$ $P_{x_{n}}^{\pi}(r_{n}\wedge\cdots\wedge r_{N}\geq c)$
$\mathrm{s}.\mathrm{t}$ . $(\mathrm{i})_{m},$ $(\mathrm{i}\mathrm{i})_{m}$ $m=n,$ $\ldots,$ $N-1$
$\pi=\{\pi_{n}, \pi_{n+}1, \ldots, \pi N-1\}\in\Pi(n)$ $(x_{n})$
$f_{N}(x_{N})=\triangle\phi(rN(x_{N}))$ .
$\phi$ $[c, \infty)$
51 $\pi=\{\pi_{n}, \ldots , \pi_{N-1}\}$ $x_{n}\in X$
$P_{x_{n}}^{\pi}(r_{n}\wedge\cdots\wedge rN\geq C)$
$=$ $\{$
$\sum_{x_{n+1\in}x}P^{\pi}x_{n}’+1(r_{n+1}\wedge\cdot\cdot’\wedge r_{N}\geq c)p$ ( $X_{n}+1|_{X}n’$ un) if $r_{n}\geq c$
$0$ otherwise
(4)
$r_{n}=r(x_{n}, u_{n})$ , $u_{n}=\pi_{n}(x_{n})$ , $\pi’=\{\pi_{n+1}, \ldots, \pi_{N-1}\}$ .
5.1
52 $\pi=\{\pi_{n}, \ldots, \pi_{N-1}\}$ $x_{n}\in X$
$(x_{n+1} \sum_{x},\sum_{h+2},\cdot\ldots\cdot,\cdot\sum_{x_{N}\in}p_{n})(*)pn+1\ldots pN-1$
$=$ $\{$




$p_{m}=p$( $X_{m+1}|Xm’$ mu), $u_{m}=\pi_{m}(x_{m})$ ; $r_{n}=r(x_{n}, u_{n}),$ $u_{n}=\pi_{n}(x_{n})$ .
$(*)$ $r_{n}(x_{n}, u_{n})\wedge\cdots\wedge r_{N}(X_{N})\geq c$ $(X_{n+1)\mathit{1}}\ldots, X\mathrm{v})\in X\cross\cdots \mathrm{x}X$




$u;r(x,u) \geq{\rm Max}\sum_{y}fcn+1(y)p(y|X, u)$ if $\exists u$ ; $r(x, u)\geq c$
$0$ otherwise
(6)
$x\in X$ , $0\leq n\leq N-1$
$f_{N}(x)=$ $\{$
1 if $r(x)\geq c$
$0$ otherwise
$x\in X$ . (7)
(6) ( ) $\pi_{n}^{*}(x)$
$\pi_{n}^{*}(x)=$ $\{$
${\rm Max}$ $u;r(X, u)\geq c$ if $\exists u$ ; $r(x, u)\geq c$
$u\in U$ otherwise
(8)
$x\in X$ , $0\leq n\leq N-1$
$\pi^{*}=\{\pi_{0}^{*}, \pi_{1)}^{*}\ldots, \pi^{*}-\}N1$
6 $3-2-2\mp_{\overline{7}^{\backslash }}-\backslash \text{ }$
3 2 2 $c=0.7$
:
${\rm Max}$ $P_{x_{0}}^{\mu}(r0(U_{0)}\wedge r_{1}(U_{1})\wedge r_{2}(X2)\geq 0.7)$
st (i) $X_{n+1}\sim p(\cdot|x_{n}, u_{n})$
$n=0,1$








(9) $\tilde{\Pi}$ $\{$ $u^{0}(x_{0} ; \lambda 0)$ ,
$u^{1}(x_{1}; \lambda 1),$
$u^{2}$ ( $X_{1;\lambda_{2})\}}$ $\gamma^{*}=\{\gamma_{0}^{*}(x0;\lambda 0),$ $\gamma_{1}^{*}(\prime x_{1}$ ; $\lambda 1)$ ) $\}$
1
$u^{2}(X_{2;\lambda_{2}})$ $=$ $\psi(\lambda_{2^{\wedge r}}2(X_{2}))$
$u^{1}(_{X_{1}}$ ; $\lambda_{1})$
$={\rm Max} \sum_{x_{2}}u^{2}(X_{2;}\lambda_{1^{\wedge}}u_{1}r1(u_{1}))p(x_{2}|_{X}1, u1)$ (9)
$u^{0}(x_{0;}\lambda 0)$ $=$
${\rm Max} \sum u_{0}x\iota u^{1}(_{X_{1}}$ ; $\lambda_{0}$ A $r_{0}(u_{0))p}(_{X_{1}}|x_{0}, u_{0})$
1
(10) $\Pi_{p}$ $\{w^{0}(x\mathrm{o}),$ $w1(x_{0}, u_{0}, X1)$ ,
$w^{2}(x_{0}, u0, x1, u_{1}, x2)\}$ $\hat{\mu}=\{\hat{\mu}_{0}(x_{0)}, \hat{\mu}_{1}(x_{0,u_{0,1}}x))\}$
2,3,4
$w_{2}(_{X_{0},u_{0},x}1, u1, x2)=\psi(r\mathrm{o}(u_{0})\wedge r1(u_{1})\wedge r_{2}(_{X}2))$
$w_{1}(x_{0}, u0, x1)={\rm Max} \sum_{x}u1w_{2}(_{XuxuX_{2}}0,0,1,1,)_{P}2(_{X}2|x_{1}, u_{1})$ (10)
$w_{0}(_{X_{0}})={\rm Max} \sum w_{1}(_{Xu}u0x00,0, X1)p(X_{1}|x_{0,u}\mathrm{o})$
2 $\{w_{2}(_{X_{0}}, u_{0,xu_{1},x_{2}}1,)\}$ 4 $\{w_{0}(x\mathrm{o})\hat{\mu}_{0}(X_{0})\}$
3 $\{w_{1}(X_{0}, u_{0}, x_{1})\hat{\mu}_{1}(x_{0}, u0, x1)\}$
$\gamma^{*}$ – $\sigma^{*}$ $\hat{\mu}$ – $\hat{\sigma}$ –
29
(11) $\Pi$ $\{f_{0}(x_{0}),$ $f\perp(x_{1})$ ,
$f_{2}(X_{2})\}$ $\pi^{*}=\{\pi_{0}^{*}(X\mathrm{o}), \pi_{1}^{*}(x1)\}$ 5
$f_{2}(x_{2})=\{$
1 if $r_{2}(x_{2})\geq 0.7$
$0$ otherwise
$f_{1}(_{X}1)= \mathrm{N}\mathrm{I}\mathrm{a}_{1}u_{1;r_{1}(}u)\geq 0.7\mathrm{X}\sum_{2x}f2(X_{2})p(x2|x_{1}, u_{1})$ (11)









( 1) 3-2-2 (3 2 2 )
( Bellman and Zadeh (1970) ) :
$=x_{0}r_{0}(u\mathrm{o})/u_{0}p\mathrm{o}x_{1}r_{1}(u_{1})/u_{1}p_{1}x_{2}r_{2}(x_{2})$
$p_{0}=p(X_{1}|x_{0}, u_{0})$ , $p_{1}=p(x_{2}|x_{1}, u_{1})$






$= \sum_{x_{2}}\psi(r_{0}(u\mathrm{o})\wedge r_{1}(u_{1})\wedge r_{2}(x_{2}))p_{0}p_{1}$
$=$
$= \sum_{x_{1}x_{2}}\sum\psi(r_{0}(u\mathrm{o})\wedge r_{1}(u_{1})\wedge r_{2}(x_{2}))p_{0}p_{1}$ .
5 $r_{0}=r_{0}(u_{0}),$ $P\mathrm{o},$ $r_{1}=r_{1}(u_{1}),$ $p_{1},$ $r_{2}=r_{2}(x_{2})$
30
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